Abstract-Our goal is to develop an automated assessment and training procedure for children with eye-hand coordination problem. An automated assessment system is expected to reduce the burden and the associated cost of having a trained professional present at any assessment, or training session. The intelligent decision support system will be based upon a fuzzy automaton. By using qualitative (fuzzified) data from the previous test the system will make a decision on the complexity of the next test to be performed.
I. INTRODUCTION
Learning to write is an important occupation of children [5, lo] . Problems with handwriting or drawing skills (graphomotor skills) are frequently the reason children in public schools are referred to occupational therapy services [SI, [9] . There are five identified components that contribute to the quality of handwriting: kinesthesia, motor planning, eye-hand coordination, visuomotor integration, and in-hand manipulation [7] . Children with genetic anomalies or neurological disorders can also have problems with eye-hand coordination such as children with Down syndrome, cerebral palsy, and learning disabilities. All these diagnoses require intervention for eyehand coordination and often for grip strength because these components are necessary for successfully performing activities of daily living such as dressing, feeding, drawing, and writing.
Assessing the eye-hand coordination skills of children with disabilities and making decisions on the next, more complex test by using crisp, quantitative terms may not be an optimum approach. Fuzzy logic [ 131 allows the aggregation of measured data and expert knowledge that is expressed in qualitative terms in a common mathematical model. A fuzzy automaton [14] can help in developing an intelligent decision system by recommending the sequence and complexity of the next test to be given. This recommendation will be based upon the results of the previously performed test and expert knowledge. The George A Fodo?, Sandra Edwards3 2ABB Automation Technology Products, Vasteras, Sweden 30ccupational Therapy Western Michigan University Kalamazoo, Michigan decision mechanism can be fine tuned as more test results become available. This paper is organized in the following way: Section 2 provides the background of previous applications of robotics for eye-hand coordination assessment and treatment. Section 3 covers a brief description of the standard research design for dexterity assessment tasks and the development of the assistance functions for haptic execution of these tasks. Section 4 describes the Intelligent Decision Support System. Preliminary results and conclusions are presented in Sections 5 and 6, respectively.
BACKROUND
Extensive research is being done in the field of haptics to improve hand and arm movements. The concepts of motor control can be combined with robotics for a compelling application in rehabilitation and these robotics devices can be used for guiding patients along a desired trajectory [l] . One of the approaches taken was to expose a subject to a perturbing field to develop an internal model of the field as a relation between experienced limb states and forces [2] . In this study, the authors concluded that after-effects persisted after many trials using force field. Another study showed that haptic technologies can give rise to new generation of virtual environment applications for teaching motor skills and manual crafts [3] . The approach taken in that study is based upon a principle of rehabilitation in which simple movements can be improved by constant practice. Previous work by Bardorfer et all [4] shows labyrinths or mazes created in the virtual environment, in which the user has to move the pointer (ball) through it and could feel the reactive forces of the walls.
In this paper we discuss the possibility of improving eye-hand coordination in children with limited motor skills using a Robotic-Haptic device [6] . Force feedback can be used to guide the subjects hand in a predetermined trajectory when he/she is unable to move in response to a visual feedback. We also incorporate the inertia effect to decrease the tremor in the hand.
In the following sections we show various designs developed in virtual environment with visual special effects to increase the concentration on the task and to assist the subjects in improving their eye-hand coordination. The research approach is based upon the comparison of the performance of an experimental and a control group. The experimental group is exposed to standard occupational therapy tests as well as tests performed on the haptic robot. The control group works only on the standard tests. The sequence of tests given to each group is shown in Table 1 . The initial (AInitial) and final (AFinal) data collection sessions will be used in the assessment of the baseline performance and the occupational performance changes of the subjects using the standardized assessments listed below: 
Standardized

1) In-Hand Manipulation Test:
It is used to assess the quality and speed of in-hand manipulation of children.
2) Sensory Profile (The Short Sensory Profile):
The Sensory Profile provides a standard method for professionals to measure the sensory processing abilities of children 5 to 10 years old and to profile the effects of sensory processing on fimctional performance in the children's daily lives. The Short Sensory Profile is a 38-item caregiver questionnaire and score sheet designed for use in screening and research protocols. The items are grouped into sensory processing, modulation, and behavioral and emotional responses.
3) Pencil Grasp Identijkation:
The purpose is to determine the type of grasp being used and how functional it is.
4) Tseng Teacher Handwriting Checklist:
The purpose of this checklist is to look for treatment carryover in the area of handwriting as a skill necessary in school.
5) Pincher Grip Strength:
The purpose is to assess the strength of the fine motor grasps known as the 3-jaw chuck and lateral pinch to see if there is any change as the treatment progresses.
6) Motor Accuracy Test of The Sensory Integration Praxis Test:
The Sensory Integration and Praxis Tests (SIPT) measure the sensory integration processes that underlie learning and behavior. By showing how children organize and respond to the sensory input, SIPT helps pinpoint specific organic problems associated with learning disabilities, emotional disorders, and minimal brain dysfunction.
7) Minnesota Handwriting Assessment Test:
This test was selected because of its ability to measure the quality of handwriting (rate, legibility, space, line size and form). The child is required to copy words on the sample ("the quick brown fox jumped over the lazy dogs") and they represent the entire alphabet. The letters are in mixed order. The subject's handwriting sample is scored in each category. The score in each category (except for the rate) is based upon the error rate using a maximum score of 34. The rate is graded by counting the number of letters completed in 2.5 minutes.
B. Tasks Using the Haptic Device
These sessions will be providing carefully selected tasks that make use of the Robotic Haptic Device for eye-hand coordination intervention. The hand grasp and function will be visually identified and noted during every intervention by the therapist who closely monitors for any changes.
Each child will have two sessions of evaluation, Alnitial and AFinal for 30 minutes each session. The child in the experimental group will receive intervention by means of the haptic robot once a week for 8 weeks, 20 minutes each. The child in the control group will not receive the intervention but will complete the assessments at the same time interval as the intervention group. Various labyrinth trajectories have been developed and tested as shown in Figures 1 and 2 . The subject is required to move the ball along the specified trajectory. In addition to testing the free movement of the subject, various effects in form of assistant functions were also implemented such as: velocity assistance, plane constraints, inertia effect, viscosity effect and force feedback effect.
C. Assistance Functions Development for the Tasks
The underlying idea behind the assistance function concept is the generalization of position and velocity mappings between master and slave manipulators of a telerobotic system. This concept was conceived as a general method for introducing computer assistance in task execution without overriding an operator's command to the manipulator. [ll], [12] .
The assistance fhctions can be classified as regulation of position and contact forces where, as effects, can be classified as inertia and viscosity effects. All of these assistance/effects strategies are accomplished by modification of the system parameters. A simple form of position assistance is scaling, in
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The inertia effect is implemented by setting the damping coefficient, mass, gravity and spring stiffhess where the viscosity effect is implemented by setting a force opposite to the velocity of the PHANToM. The main idea of these effects is to increase the grip and hand strength in children during the task execution.
IV. DEVELOPMENT OF AN INTELLIGENT DECISION SUPPORT
SYSTEM
The functional block diagram of the Intelligent Decision Support System (IDSS) is given in Figure 5 . In its full configuration the system will be used for children in the age groups of 5 to 8 years. In the present phase of the research only children of 5-year old are considered. The system is made up of two major sections. The Main Controller section includes a computer workstation (F' C), the PHANToM robot and the user interface software. The other key section is a simulated fuzzy automaton that is configured to accommodate the testing of the 5-year old children group. The task-level flowchart of the Intelligent Decision Support System is depicted in Figure 6 .
The notion of fuzzy automaton is based upon the premises as follows: it can stay in more than one crisp (Le., Boolean) state at once, to a certain degree in each. Those degrees are defined by a state membership hction. For each fuzzy state there is just one dominant (crisp) state, though, for which the state membership is a 1 (full membership). Each dominant state is For each fuzzy state, a composite linguistic model is derived crisp states with a given In this research, a simplified fuzzy automaton is being used. Inference operations (e.g., to classify the eye-hand coordination skills of the children in a qualitative scale) are omitted. The state transition graph of the automaton is used to devise the sequence and the complexity of the tests to be performed. The controller unit consists of the Graphical User Interface (GUI), which allows the therapist to enter the age of the subject and grants the permission to execute the tests suggested by the Intelligent Decision Support System. The main control unit takes the age and assigns the first task to be performed by the subject. It then calculates the accuracy (with respect to the number of times the subject is out of the desired path) and the time (in seconds) taken to carry on the task, then fuzzifies the values and provides them as inputs to the IDSS. The IDSS then makes use of the fuzzy automaton model to recommend the next test to be performed by the child. Based upon its present state and the fuzzified results of the test just performed the fuzzy automaton makes a transition to a new state. In this new state when it becomes the present state only one two-valued output is set, out of a 12-element output vector. This output is then used to choose the next task to be performed by the subject. Depending on hisher performance the subject may get stuck at some particular task level, or may move up to a more sophisticated level. If a subject performs really well the sequence of states will be as follows: 1 , 4, 7, 11 , and Stop. The level of difficulty in a task increases as the state number increases. However, the approval by the therapist is required to proceed with any new test. The therapist can also abort the test at any point in time. The state transition graph of the fuzzy automaton for the 5-year old children group is shown in Figure  7 .
Fig. 7. State Transition Graph of the Fuzzy Automaton
The states are designated as follows: (1): initial state and no effects, or assistance, (2) and (3): design with maximum force assistance and minimum force assistance, respectively, (4): design with curves rather than with sharp edges in the path but no effects, or assistance, (5) and (6): design with minimum inertia effect, and medium inertia effect, respectively. The labyrinth for these states is illustrated in Figure 1 . In State (7) the labyrinth in Figure 2 is considered with no effects, or assistance. State (8) is a design with force assistance. States (9-11) are designs with minimum, medium and maximum inertia effects, respectively. State Stop is the last possible state in the sequence of tests. The number of states visited depends upon the performance of the subject. This state transition graph has been developed by following the advice of an occupational therapy expert. The state transition conditions are subject to further experiments and refinements. The input membership functions used in evaluating the state transition conditions are given in Figures 8 and 9 . In the future the IDSS system will be extended in phases as follows: first, fuzzy automata will be developed for the other three age groups considered. After it has been successfully done and verified, we will work on the development of a qualitative system to classify the skill-levels of the pool of subjects. It will be done by adding the fuzzy inference capability to the automata. The If Then rules of the knowledge base will be constructed by interviewing experts of occupational therapy and also by extracting knowledge from the test data obtained from a larger pool of children.
The final objective for the IDSS system is to develop a distributed system using the Internet. There will be no need for -a therapist be present at each location, e.g., in classrooms in a wide geographical area. Instead, only one therapist in a central location will monitor the tests performed at various sites and will make decisions with respect to the test procedures.
The initial results of a research to develop an Intelligent Decision Support System are presented. In the next step the IDSS will be loaded as a reconfigurable agent into the Broker Architecture program of the Intelligent Fuzzy Controllers Laboratory [ 151, -[ 161 at Western Michigan University. The Broker Architecture program and the IDSS system will be integrated with the PHANTOM using the Ghost software and will be tested on children with eye-hand coordination problems. 
